A t h e o r e t i c a l dimensionless correlation f o r t h e vaporization times of d i s c r e t e l i q u i d masses i n the Leidenfrost s t a t e is presented and v e r i f i e d experimentally with data i n the l i t e r a t u r e . The correlation is presented as a s i n g l e curve r e l a t i n g a dimensionless vaporization time t o a dimensionless i n i t i a l l i q u i d volume. The correlation works w e n f o r t h e entire gamut of i n i t i a l l i q u i d volumes from spherical drops t o large pancaked blobs f o r which experimental data e x i s t .
Die INTROWCPION If a quantity of l i q u i d is placed on a s u f f ic i e n t l y h o t p l a t e , the l i q u i d w i l l evaporate i n t h e immediate v i c i n i t y of the p l a t e a t a r a t e s u f f i c i e n t t o support the l i q u i d . This phenomenon is r e f e r r e d t o i n the l i t e r a t u r e a s e i t h e r Leidenf r o s t boiling o r film boiling. broad categories of general i n t e r e s t that experimental work f a l l s i n t o ( Fig. 1 ):
There are two (1) A continuous or i n f i n i t e amount of l i q u i d ( 2 ) r e s t i n g on the p l a t e l i q u i d . many i n t e r e s t i n g problems associated with it that a r e absent from the continuous range. shows a s e r i e s of possible s t a t e s that belong t o t h e d i s c r e t e and the continuous ranges. t i o n a l important variables i n t h e d i s c r e t e range, which a r e not associated with the continuous range, a r e the volume of the l i q u i d mass and t h e drop shape; t h a t is, the experimentalist working i n the d i s c r e t e range has one additional independe n t variable, the volume of the l i q u i d placed on t h e p l a t e . For very small volumes ( Fig. l ( a ) ) t h e shape of the drop is nearly spherical. With l a r g e r volumes ( Fig. l ( b ) ) t h e drop tends t o f l a tt e n out i n t o a disk. The thickness of l a r g e masses of liquid, c a l l e d extended drops, tends toward an asymptotic value ( Fig. l ( c ) ) . %ny of the problems associated with t h e d i s -
The addi-

This paper presents a t h e o r e t i c a l correla-
METHOD OF ANALYSIS
The vaporization time of a d i s c r e t e l i q u i d drop i n Leidenfrost boiling on a f l a t p l a t e can be found by a d i r e c t integration of t h e interface energy balance:
The functional form of the heat-transfer coeff i c i e n t w i l l be that presented i n [5 and 91. In The heat-transfer expression given by Equac i e n t t o be used i n the integration of equation (1) is given by " r = -hC f ( 5 ) where f i s the r a d i a t i o n correction f a c t o r . The the heat-transfer area A and effective geometry f a c t o r Le i n the heat-transfer expression (Eq. ( 2 ) ) a r e unknowns. Thus, the problem of determining these q u a n t i t i e s is of paramount importance i n computing the vaporization time. A det a i l e d method f o r computing the shape of the l i q u i d drop by solving the Iaplace c a p i l l a r y equation (see 6 ) ) . Equation ( 6 ) was nondimensionalized and transformed i n t o a coupled p a i r of ordinary nonl i n e a r d i f f e r e n t i a l equations, which r e l a t e t h e radius of curvature and the pressure difference a t any point on the surface of the drop. The coupled equations were solved by a numerical integration on an IEM 7094 d i g i t a l computer. transformation and numerical integration of the equation can be found i n [4] along with an experimental v e r i f i c a t i o n of the numerical r e s u l t s .
For a given drop volume, the maximum drop radius and an average drop thickness 2 , defined by the equation
The d e t a i l s of the ( 7 ) were determined from the numerical solutions. The numerical r e s u l t s a r e shown as a dashed From the universal curve, the average drop thickness and maximum radius can be determined provided the surface tension and density of the l i q u i d a r e known. For purposes of calculation, t h i s curve is broken i n t o three asymptotic ranges.
Extended Drop Domain
The extended drop domain i s defined a s t h e domain i n which t h e thickness of the drop is independent of drop volume. drops the universal curve ( Fig. 3 ) approaches a slope of 3 , which agrees with the physical observat i o n s that the thickness of the drop approaches a constant asymptotic value. From When small quantities of l i q u i d are i n f i l m b o i l i n g on a hot p l a t e , t h e i r shape is nearly spherical. Thus, t h e average drop thickness defined by Equation ( 7 ) The e f f e c t of the preceding approximation was t e s t e d against the experimental data of Gottfried [2] and is reported i n a l a t e r section e n t i t l e d UNIVERSAL VAPORIZATION TfME PROFILE.
For a sphere,
as the e f f e c t i v e heat-transfer area of a sphere.
HEAT-TRANSFER COEFFICIENTS
Extended Drop Domain
Substituting the value of 2 for large drops (Eq. (ll)) i n t o Equations ( 2 ) and (3) gives f o r the domain defined by Equation (10) . ingly, the heat-transfer coefficient predicted in t h i s case is independent of gravity. Physically, therefore, t h e gap thickness under an extended l i q u i d drop is independent of the g r a v i t a t i o n a l environment. In a larger g r a v i t a t i o n a l f i e l d , however, t h e drop thickness w i l l be thinner and the heat-transfer area larger, thereby giving rise t o shorter vaporization times i n l a r g e gravitat i o n a l f i e l d s .
Surpris-
. Note that the preceding observation does not apply t o t h e near zero-gravity case, since the drop would not obtain an equilibrium position above t h e p l a t e because of the r e a c t i v e force of the generated vapor.
Large Drop Domain
Substituting the value of 1 f o r large drops and Equation (15) i n t o Equations ( 2 ) ( 1 4 ) .
Extended Drops
Substituting Equations (13) Theory and experiment a r e i n good agreement f o r small drops ( Fig. 4 ) , f o r l a r g e and extended drops ( Fig. 51 , and even f o r drops with bubble breakthrough (10-ml drop). f o r t h e conductive vaporization t i m e .
Thus, according t o t h e d e f i n i t i o n given t o the r a d i a t i o n correction f a c t o r of Equation ( A l ) i n the Appendix, the a c t u a l t o t a l vaporization time is given by
Rewriting the Equation (30) i n terms of V* define3 by Equation Figure 6 . and 61 have been plotted i n terms of the dimensionl e s s variables. The universal r e l a t i o n c o r r e l a t e s quite w e l l the available vaporization data over the e n t i r e gamut of l i q u i d volumes.
Note t h a t no experimental data found i n the l i t e r a t u r e f a l l i n the small drop range defined by V* < 0.6; however, Gottfried's experimental data came very close t o f a l l i n g i n t h i s range.
Even though none of the i n i t i a l l i q u i d volumes reported i n the l i t e r a t u r e f a l l i n t o the small drop and ( e ) seems t o have a r e l a t i v e l y minor e f f e c t on heat t r a n s f e r . On the average, a blob of l i q u i d i n the extended drop region with bubble breakthrough appears t o be equivalent t o a f l a t disk. I n a l l probability, bubble breakthrough does not a l t e r the heat-transfer area. The presence of holes merely increases the perimeter of the bubbly l i q u i d mass while the area remains constant. ness beneath the drop remains f a i r l y constant, the heat-transfer coefficient w i l l not be a l t e r e d very much. The n e t r e s u l t appears t o be that t h e t o t a l flux of heat input t o the bubbly drop i s nearly equal t o t h a t calculated by assuming no bubble breakthrough. This is not the case for a confined l i q u i d ( Fig. l ( f ) ) since bubble domes decrease the effective heat-transfer area.
The v e r t i c a l s c a t t e r of the data points shown i n Figure The conductive t o t a l vaporization time given by Equation (29) has been calculated by assuming that a l l t h e heat i s transported by conduction and convection i n the t h i n vapor film. R ad i a t i v e transport has been neglected e n t i r e l y . When radiation becomes appreciable a t about 450' C, the t h e o r e t i c a l vaporization times w i l l be high. 
